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Abstract The invasion pathway is composed of a
sequential series of stages that need to be quantified
separately in order properly to understand the invasion
process. Here, we examine the composition and
characteristics of bird species being sold in the pet
bird market in Taiwan. The bird trade in Taiwan is of
high volume and financially lucrative. The identity of
species in this trade is vital for informing later stages
(introduction, establishment, spread) of the invasion
pathway. We conducted interviews and surveys of 72
outlets selling pet birds from seven cities across
Taiwan, from which we identified 247 bird species
(within 34 families) for sale. Of these, 170 bird species
(from 27 families) are exotic to Taiwan. Using
randomization tests, we show that nine families are
significantly over-represented in the pet trade
(Psittacidae, Muscicapidae, Timaliidae, Sturnidae,
Turdidae, Estrildidae, Chloropseidae, Zosteropidae
and Fringillidae), and three after sequential Bonferroni
correction (Psittacidae, Muscicapidae and Sturnidae).
Species that have been identified in Taiwanese pet
shops tend to have a larger native geographic range,
originate further from the equator, are smaller-bodied,
and have more aesthetically-pleasing songs than
expected by chance. The native ranges of pet shop
species are more likely to be situated in the Indo-
Malay and Palearctic biogeographic realms, while
fewer species than expected derive from the Neotrop-
ic, Afrotropic and Nearctic realms. Our results show
that bird species for sale in Taiwan are determined by
the interaction of species availability and societal
demands.
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Introduction
Alien species (also termed non-native, non-indigenous
or exotic) are species that have been moved beyond
their native geographic range by human activity
(Richardson et al. 2010; Blackburn et al. 2011; Heger
et al. 2013). Invasion by alien species represents one of
the primary threats to the maintenance of global
biodiversity, human health, and economic enterprises
(Simberloff 2003; Kolar and Lodge 2001; Richardson
and Ricciardi 2013). The best way to minimise their
impact is to prevent new invasions taking place and to
understand the factors that facilitate certain species to
be introduced, established and spread into foreign
environments.
The invasion process can be divided into a series of
stages that are separated by barriers for an individual
(or a population) to overcome (Williamson 1997;
Blackburn et al. 2011). The stages (with barriers)
defined in this scheme are: transport (geography),
introduction (captivity or cultivation), establishment
(survival and reproduction) and spread (dispersal and
environmental). Only if an alien species passes
through every stage can it be classed as an invasive.
The early stages of invasion are particularly important
in understanding the invasion process as a whole
(Blackburn and Duncan 2001; Cassey et al. 2004a;
Jeschke and Strayer 2006; Blackburn and Cassey
2007; Colautti et al. 2006), because they act as filters
for species entering the later stages: species only get
the chance to establish and spread if they are first
transported and introduced. This means that the early
part of the invasion process may substantially affect
the outcome of the later part. For this reason, there is a
growing interest in understanding which species are
entrained onto the biological invasion pathway (Sim-
berloff 2004; Forsyth et al. 2004; Costello and Solow
2003; Kark and Sol 2005; Blackburn and Cassey 2007;
Hulme et al. 2008; van Kleunen et al. 2010; MacIsaac
et al. 2010). Here, we consider this issue in the context
of the potential pool of bird invasions in Taiwan.
Bird species may be moved beyond the limits of
their natural distributions for a variety of reasons, such
as game hunting, commerce, food supply, aesthetic
purposes, nostalgia, conservation, religious beliefs
and ornamentation (Blackburn et al. 2009). Most of
the previous studies of the early stage of the invasion
pathway for birds have been carried out in a Western
context (Cassey et al. 2004b; Jeschke and Strayer
2006; Jeschke 2005; Kolar and Lodge 2001), largely
concerning species moved in association with the
Great European diaspora (Crosby 2004). These studies
were based on historical events because these data
have been the most readily available (Long 1981;
Lever 1994), and perhaps because fewer birds are
imported nowadays to and from Western countries due
to import and export bans (Cooney and Jepson 2005;
Brooks-Moizer et al. 2008). However, the contempo-
rary movement of birds may be driven by very
different influences compared with that of previous
centuries (Blackburn et al. 2009). For example, there
is a large trade in birds in Eastern societies, such as
Vietnam, Indonesia, Malaysia, China, Hong Kong
(China) and Taiwan (Lau et al. 1996; Jepson and Ladle
2005; Shepherd 2006; Shepherd et al. 2012). In
comparison to the Acclimatization and Wildlife
society introductions performed by some Western
countries, the reasons for trading birds in Eastern
cultures are very different. Rather, they are due to the
region’s unique culture with respect to the use of
species for bird competitions, bird-keeping, and prayer
animal release (animals released for religious rea-
sons). The scoring factors in bird competitions
frequently include song quality and bird condition
(e.g. plumage, shape and stability); therefore such
competitions are platforms to improve owners’ train-
ing skills, to enhance birds’ prices and to entertain
bird-lovers. Bird-keeping is rooted deeply in East
Asian culture (Jepson and Ladle 2005). It is often
associated with a hobby of ‘bird-walking’, where
owners air their caged birds outdoors, and hang these
cages in especially designated areas, for social
purposes. These factors have attracted relatively little
attention, which may be due to the fact that informa-
tion on alien species in East Asia is under-represented
in the English-language (or other European language)
literature. Thus, our understanding of which species
are initially entrained on the invasion pathway may be
biased.
The aim of this study is to assess the composition of
species in the current cage bird market in Taiwan. We
focus on Taiwan because it represents an excellent
case study of the Eastern bird trade culture, where bird
competitions, bird-keeping behaviours and prayer
animal releases are commonly practiced. It is also
one of the main importers of species re-exported by
other Asian countries, such as from Malaysia and
Singapore (Nash 1993; Severinghaus and Chi 1999;
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Shepherd et al. 2012). Moreover, because of its island
geography (separated from the mainland of the nearest
country by [100 km of open ocean), the geographic
condition of introduction can be precisely defined.
The bird trade is of high volume and financially
profitable in Taiwan. Birds are bought for their
superior songs, ornamented plumage, for bird contests
and for prayer animal releases. Organised animal
releases occur more than twice a day on average
(Environment and Animal Society of Taiwan EAST
2004a), and almost 30 % of Taipei citizens, from a
variety of religions, participate and spend an estimated
US$6 million annually to set free around 200 million
animals for prayer animal release (Chen 2005a, b;
EAST 2004a; Severinghaus and Chi 1999). Further-
more, 7 % of pet birds were intentionally released to
the wild by their owners (TEIA 2004). Previous
studies have shown that more than 90 % of species
recorded in the Taiwanese bird market are exotic
(Taipei Wild Bird Society 1996; Severinghaus 1999),
and that more than 60 % of exotic species found in the
wild were sold in the pet shops (Lee and Shieh 2005).
The bird trade is likely a prominent source of species
for invasion (Meyerson and Mooney 2007; Carrete
and Tella 2008), especially given that higher propa-
gule pressure and frequency of introduction events
increase the potential of species to become invasive
(Forsyth et al. 2004; Lockwood et al. 2005; Jeschke
and Strayer 2006; Lockwood et al. 2007).
In this study, we conducted interviews in pet shops
in cities across Taiwan to: (1) describe the composi-
tion of bird species available for sale in the current
cage bird market in Taiwan; (2) assess whether bird
species that are for sale in this market in Taiwan are a
random selection of bird species with respect to
taxonomy; and (3) test for non-random patterns in the
cage bird fauna in Taiwan in terms of species
characteristics. Specifically, we test for non-random-
ness in the native breeding range, latitudinal mid-
point, biogeographic region of origin, body mass, and
a measure of the (human-derived) attractiveness of
song. We focus on these characteristics, which, we
predict, should determine why particular species are
available in the trade market.
Species that are more widespread, and therefore
more common (Gaston and Blackburn 2000; Black-
burn et al. 2006), in their native range may be more
likely to be traded, as they are more readily available
for capture (Cassey et al. 2004b). We therefore
predicted that birds in trade would tend to have larger
native range sizes than expected by chance. There is a
high demand for some particular species in the
songbird market in China (e.g. Hwamei Leucodiop-
tron canorus and White-eyes Zosterops spp.). Similar
demand is likely to be observed in the bird market in
Taiwan due to cultural similarities between the
countries (Xu and Dong 2007). In addition, trade
dealers may prefer species from closer regions,
particularly if these species survive better during
transportation to the shops in either the legal or illegal
trade. For these reasons, we hypothesise that bird
species available in the trade market will originate
from closer regions, such as from East and South-East
Asia. We test for origins of species using the
latitudinal mid-point of their geographic range and
their biogeographic region of origin.
Bird song is one of the main characteristics that
drives the bird trade, as many species are traded for
singing competitions in East Asia (Nash 1993). We
predicted that species with songs that are relatively
more attractive to people are more likely to be traded.
We tested this hypothesis using a metric of attractive-
ness based on the frequency of song tracks lodged for a
given species on the ‘‘Xeno-Canto’’ website (Black-
burn et al. 2014). For bird-keeping or bird-walking
purposes, small-bodied birds are likely to be favoured,
as they are more convenient to keep, feed and
transport. Owners may also prefer convenient and
transportable cages, in which they house a suitably
sized bird for aesthetic purposes. Therefore, we
hypothesised that small-bodied birds were more likely
to be traded, and we tested whether cage birds in
Taiwan are smaller-bodied than expected by chance.
Methods
Data
We obtained data on the occurrence of bird species in
pet shops from non-structured interviews conducted
by S. Su (SS) with shop owners or staff between
August and November 2012. Non-structured inter-
views were used because they present a better view of
the species available for sale than official importation
records, as the sources of animals in pet shops are
frequently illegal (Shepherd et al. 2012). Data on the
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pet shops and their locations were obtained from the
database in the Commerce Industrial Services Portal,
Yellow Pages and pet shop-related blogs. The total
numbers of recorded registered or non-registered pet
shops and mobile hawkers identified in this way was
154. This total excludes aquarium shops, game pigeon
shops and pet product-only shops. A total of 90 of the
154 pet shops in 7 cities were selected for survey.
Shops were selected primarily by whether they were
reachable within 1 h from the main train station of a
city, either by driving or public transportation. Eigh-
teen of the selected shops had closed down or were run
by owners who declined to respond to the survey.
Therefore, the final sample comprised 72 pet shops, or
just under a half of all the shops identified in Taiwan.
Of these, 32 were in Taipei (mostly in Wan-Hua Bird
Street), 7 in Hsinchu City, 11 in Taichung City, 1 in
Taitung City, 14 in Kaohsiung City, 5 in Pingtung
County, and 2 shops in Hualien City.
All pet shops were visited once, apart from selected
pet shops in Taipei Wan-Hua Bird Street located in the
central part of Taipei City. Wan-Hua Bird Street is the
biggest bird market in Taiwan, with more than 15 bird
shops which include three different main pet shops
types in Taiwan: prayer bird shops, songbird shops and
parrot shops. The type of shop can be identified from
its name and on the basis of the stock held. Due to time
constraints, the size and the significance of this bird
market, SS surveyed a number of pet shops in Wan-
Hua Bird Street twice: in August 2012 and again in
November 2012.
The aim of the non-structured interview was to
obtain the identity of the species available from each
shop. During each shop visit SS recorded the name of
the species present in the shop, including those that
were claimed to be the owner’s pet birds (and hence
not for sale). Species may have been declared as not-
for-sale due to regulatory concerns (e.g. if they were
derived from illegal sources). The capture of wild
birds is restricted by the national Wildlife Conserva-
tion Act (but birds can be sold legally if they are not
scheduled as protected species). Thus, when owners
are aware that their animals come from illegal sources,
they typically prefer to disclose the price only to a
likely buyer.
All taxa were identified to species-level with the
exception of two Myna species (Javan Myna Acridot-
heres javanicus and Great Myna A. grandis), three
white-eye species (Oriental White-eye Zosterops
palpebrosus, Lowland White-eye Z. meyeni and
Japanese White-eye Z. japonicus) and all colour-
morph lovebirds (Agapornis roseicollis). The Mynas
are commonly sold in mixed species cage of more than
50 individuals per cage, with up to hundreds of birds in
stock at any one time. These cages are densely packed
with birds, and often stacked, making species-level
identification difficult. The Lovebird species have a
number of colour morphs bred in captivity in Taiwan,
which makes the identification of the original species
complicated and virtually impossible from visual
observations. When pet shop owners were not
prepared to disclose the identity of the birds in their
stock, or in cases where owners were not directly
interviewed, birds were identified to species using
field guides and monographs (Feare et al. 1998;
MacKinnon 2000; Stevenson and Fanshawe 2002; Del
Hoyo et al. 2005; Brazil 2010; Simpson et al. 2010;
Liao 2012). We identified a total of 247 species for
sale in the shops surveyed. We based our global
taxonomic list of 9,993 extant bird species on Jetz
et al. (2012). The scientific names of these species
followed Birdlife Version 3 and IOC Version 2.7
taxonomies, family names followed the Birdlife guide
and the order names followed Sibley and Monroe
(1990) (Jetz et al. 2012). The native or exotic status of
the bird species in Taiwan was defined based on the
CWBF Checklist of the Birds of Taiwan (Chinese
Wild Bird Federation 2012), adjusted to exclude
transient migrants, pelagic seabirds and vagrants. Our
list of native Taiwanese species is available on
request. For each of the species recorded in the pet
shops in Taiwan, we collated information on the
following variables:
Geographical range size (km2): a measure of native
geographical range extent (Gaston 1991, 1994) was
obtained from the data set used in Orme et al. (2006).
Total native breeding area of all species was measured
as polygons and converted into equal area grids with a
cell size of 96.3 9 96.3 km, which provided a scale
identical to 1 grids at the equator. The breeding area
of each species was estimated by summing the areas of
the cells in which they occurred (Orme et al. 2006;
Blackburn and Cassey 2007). This information was
available for 9,613 species, including all of the species
in our survey.
Latitudinal mid-point (degrees): The median lati-
tude of the central cell grid in which that species
occurs, from the geographical range size data. The
2566 S. Su et al.
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absolute values of the median latitude points were
used for analysis. This information was available for
9,613 species, including all of the species in our
survey.
Region of origin: the biogeographical region from
which the native populations of exotic species orig-
inate. Eight realms were defined using the World
Wildlife Fund eco-regions map (Olson et al. 2001;
Blackburn and Cassey 2007). Species were assigned to
the region in which the largest part of their geographic
range fell. This information was available for 9,677
species, including all of the species in our survey.
Body mass (g): a measure of the body size of bird
species from Dunning (1992). Information on body
mass is available for 7,433 bird species from Dunning
(1992) and for 202 of the total 247 (147 of the 170
exotic) species recorded in our 2012 survey. Data
supplied by V. Olson from the set used in Olson et al.
(2009).
Attractiveness of song: we used the number of song
tracks lodged for the given species on the Xeno-Canto
website (www.xeno-canto.org) to derive a metric of the
attractiveness of bird song to humans (Blackburn et al.
2014). Xeno-Canto provides more than 115,000 inde-
pendent recordings of bird songs, which covers about
80–85 % of extant species, with up to 335 recordings
per species. Song tracks were available for 245 of 247
recorded species with the range from 1 to 162 records.
We used a general linear mixed model in R to model log
number of songs lodged on Xeno-Canto as a function of
log geographic range size (estimate ± s.e. = 1.16 ±
0.17). We included geographic realm as a random
effect, and the taxonomic factors order, family and
genus as nested random effects to control for evolu-
tionary relatedness among species in our model. The
residuals from this model were calculated and used as
our metric of song attractiveness controlling for the
availability and taxonomy of species. Larger residuals
have been shown to be associated with characteristics
that may make songs more attractive to people
(Blackburn et al. 2014).
Analysis
A randomisation approach was conducted to test for
the differences between the observed numbers of bird
species within given families found in Taiwanese pet
shops and the number expected if this species com-
position was a random selection of the world’s bird
species. The simulation involved picking 247 species
from all of the 9,993 bird species, at random and
without replacement, and then summing the number of
these randomly selected species in each family. The
simulation procedure was repeated 10,000 times in
total to produce a frequency distribution of the number
of birds in each family.
The observed species number within a given family
is judged to be significantly greater than expected by
chance (a = 0.05) if a given number, S, of the
randomly derived values for that family is greater
than the observed value; and to be significantly lower
(a = 0.05) if the same given number (S) of randomly
obtained values for that family is lower than the
observed value, where S is calculated as S = (a/
2) 9 10,000 (Rice 1989; Blackburn and Cassey
2007). We repeated these simulations just for exotic
species (n = 170), to test whether or not the results
were influenced by the presence of native species.
We used the randomisation approach to address
whether the bird species observed in the surveyed pet
shops differed from a random sample of species in terms
of native geographical range size (km2; log transformed),
latitudinal mid-point log10 (absolute value ? 1), eight
biogeographic regions of origin, body size (g; log
transformed) and song attractiveness (model residuals).
For each simulation, 247 bird species were selected
randomly and without replacement from the world’s bird
species, the geometric mean value was calculated, and
the process repeated 10,000 times. We again repeated
these simulations just for exotic species (n = 170).
We repeated the simulation approach in each case
constraining the family membership as well as the
biogeographic origin of the species to that in the actual
survey data. More closely related species are more
likely to share the characteristics due to their evolu-
tionary relatedness (Forsyth et al. 2004; Blackburn and
Cassey 2007) and regions of origin. Thus the variation
in trait values with respect to a random sample of birds
may arise as a result of the non-randomness in the
family and regional composition, rather than the traits
favoured per se. All analyses were performed in R
v2.15.2 (R Development Core Team 2006).
Results
Our 2012 survey of Taiwanese pet shops recorded a
total of 247 bird species from 34 different families
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(Appendix 1). Of these, 170 species (from 27 families)
were not native to Taiwan, while the remaining 77
species have either breeding or wintering ranges that
include Taiwan. Nine families revealed a significantly
(a = 0.05) greater number of species recorded in pet
shops than expected if these species were a random
sample of all birds (Fig. 1; Table 1), while seven
families revealed significantly lower number than
expected (Table 1). Applying the sequential Bonfer-
roni correction, three families had significantly higher
numbers of pet species than expected by chance
(Psittacidae, Muscicapidae and Sturnidae) and two
significantly lower numbers (Tyrannidae and Trochi-
lidae). The randomisation tests for exotic species alone
found that Psittacidae, Sturnidae and Chloropseidae
were over-represented after Bonferroni correction, but
no families were significantly under-represented
(Table 1).
The geographic range size of the 247 pet shop species
varies widely, from a minimum of 1,600 km2 for Red-
and-Blue Lory Eos histrio (Psittacidae) to 41 mil-
lion km2 for the Eurasian Tree Sparrow Passer mont-
anus (Passeridae), with a geometric mean of
2.05 million km2. The frequency distribution of these
ranges is highly right-skewed, as most species have
relatively small geographic ranges. The simulation test
revealed an expected geometric mean range size of 0.59
million km2 (99 % confidence intervals (CI)
0.38–0.86 million km2), meaning that the ranges of the
species recorded in our survey are significantly greater
than expected by chance. This is also true when the
randomisation tests were constrained by taxonomy and
region; expected geometric means of 0.42 million km2
(99 % CI 0.28–0.59 million km2) and 0.63 million km2
(99 % CI 0.44–0.89 million km2), respectively. The
results also held when considering only exotic species
for sale in Taiwan (observed mean = 1.69 million km2,
expected mean = 0.59 million km2, 99 % CI
0.37–0.88 million km2), and for exotic species when
taxonomy (expected mean = 0.39 million km2, 99 %
CI 0.26–0.57 million km2) and region (expected
mean = 0.59 million km2, 99 % CI 0.36–0.87 mil-
lion km2) were constrained.
The latitudinal mid-points of the 247 species ranged
from 38.75S for Red-Crowned Parakeet Cyanoram-
phus novaezelandiae (Psittacidae) to 64.28N for the
Little Bunting Emberiza pusilla (Emberizidae). The
majority (76 %) of the species identified in the 2012
survey originated from equatorial latitudes between
30N and 30S. The number of species generally
declined as the absolute latitude increased; however,
the mode of the frequency was between 20–30 of the
absolute median latitude. This may be due to the
influence of species native to Taiwan—if these are
excluded, the mode lies between 5 and 10. The
geometric mean of the absolute latitudinal mid-point in
our survey was 17.26 versus 12.04 (99 % CI
10.31–13.88) from the randomisation test. Therefore,
the origins of species recorded in our survey were
significantly further from the equator than expected if
pet shop species were selected by chance. This is also
true when the randomisation tests were constrained by
both taxonomy (99 % CI 10.18–13.43) and region
(99 % CI 11.89–15.36), inferring that the results are
not influenced by family composition or species origin.
The geometric mean of the absolute median point for
the exotic species is 13.30, which is not significantly
different to the expected value of 12.04 (99 % CI
10.06–14.63). Similar results were also obtained
when taxonomy (expected mean = 11.41, 99 % CI
9.67–13.39) and region (expected mean = 12.64,










































































































Fig. 1 Species identified for trade in Taiwan in 2012 were
derived from 34 avian families. Nine of these families (marked
in blue) have significantly (a = 0.05) higher than expected
numbers of species in Taiwanese pet shops. The family level
phylogenetic tree was constructed based upon the primary
backbone tree of Hackett et al. (2008) in FigTree v1.4.0
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The largest bodied species in our survey was the
Red-and-Green Macaw Ara chloropterus (Psittaci-
dae), with a body mass of 1,380 g, while the smallest
was the Black-Throated Bushtit Aegithalos concinnus
(Aegithalidae), with a mass of 6.2 g. The geometric
mean body mass for pet shop species was 43.7 g
(n = 202), which is not significantly different to the
expected value of 39.1 g from the randomisation test
(99 % CI 30.6–51.0 g). However, the observed body
size was significantly smaller than expected based on
both randomisation tests that constrained by family
membership (expected mean = 53.7 g, 99 % CI
46.5–61.3 g) and their origin (expected mean =
58.5 g, 99 % CI 45.2–76.7 g). The geometric mean
of mass of the exotic species in Taiwanese pet shops
(57.54 g) is significantly greater than expected
(39.2 g, 99 % CI 29.53–52.99 g), but not if the species
origin (expected mean = 58.28 g, 99 % CI 40.7–
75.87 g) or family membership (63.62 g, 99 % CI
54.51–74.08 g) are constrained.
The maximum number of songs logged for any
species from our survey was 162 recordings for the
Eurasian Jay Garrulus glandarius (Corvidae). 161
of the 247 species for which there are song
recordings on Xeno-Canto revealed positive resid-
uals of song recordings (65.7 %). Moreover, the
arithmetic mean of the residuals of the song
recording for the species identified was 0.24
(n = 245), which is significantly greater than
expected from the randomisation test (expected
mean = 0.0008, 99 % CI -0.13 to 0.14). Similar
results are obtained for the exotic species in Taiwan
(mean = 0.21, expected mean = -0.001, 99 % CI
-0.16 to 0.15).
Table 1 Families with significantly (a) higher or (b) lower than expected numbers of species in Taiwanese pet shops in 2012
(a = 0.05), for all species or with analysis limited to exotic species (i.e. species not native to Taiwan)






























Psittacidae 70 3–15* 1–20* 9 70 2–11* 0–15* 6
Muscicapidae 25 2–13* 0–18* 7 13 1–10* 0–14 5
Timaliidae 18 3–14* 0–18 8 4 2–10 0–15 5
Sturnidae 14 0–6* 0–10* 3 10 0–5* 0–8* 2
Turdidae 13 1–9* 0–15 4 10 0–7* 0–10 3
Estrildidae 11 0–7* 0–11 3 8 0–6* 0–10 2
Fringillidae 9 1–8* 0–11 4 7 0–6* 0–11 3
Zosteropidae 7 0–6* 0–9 2 5 0–5 0–7 2
Chloropseidae 4 0–2* 0–4 0 4 0–1* 0–3* 0
b
Tyrannidae 0 5–17* 1–24* 10 0 3–13* 0–18 7
Trochilidae 0 3–14* 1–20* 8 0 2–11* 0–14 6
Thamnophilidae 0 1–10* 0–15 5 0 0–8 0–12 3
Strigidae 0 1–9* 0–14 5 0 0–7 0–11 3
Meliphagidae 0 1–9* 0–15 4 0 0–7 0–11 3
Furnariidae 0 2–11* 0–16 6 0 1–9* 0–12 4
Accipitridae 0 2–11* 0–16 6 0 1–8* 0–12 4
Median expectation is taken over the 10,000 iterations of the randomisation test, while the 97.5th and 2.5th percentiles are the upper
and lower limits within which 95 % of the iterated values lie. Bonferroni corrected expectation shows the upper or lower limits of
significance under the Bonferroni correction, only for those families that exceed those limits. Asterisks (*) denote tests for which a
bird family has a significantly higher (or lower) observed number of species for sale in bird shops than expected
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Of the species identified in Taiwanese pet shops,
more species than expected by chance had native
distributions situated in the Indo-Malay and Palearctic
biogeographic realms, even after Bonferroni correction
(Table 2). Significantly fewer than expected species
derived from the Neotropic, Afrotropic and Nearctic
after Bonferroni correction was applied (Table 2). For
exotic species, those native to Australasia were present
in the pet shops in a higher frequency than expected by
chance, even after Bonferroni correction (Table 2).
Discussion
During the 1990s, the global bird trade involved an
estimated 2–5 million birds per year and around a quarter
of all extant bird species have been subjected to world
trade markets (Inskipp 1990; FAO 2011). These large
numbers are driven by a relatively few different types of
demands for birds. In Taiwan, demand is shaped largely
by the favoured characteristics of bird species in terms of
religion, culture, and custom; as well as constrained by
legislation (Wildlife Conservation Act, Taiwan). These
demands in turn determine the types and characteristics
of species found in the bird trade there.
Several previous studies have provided information
on the wild bird trade in Taiwan (Chi et al. 1991; Chi
1995; Taipei Wild Bird Society 1996; Chen 2005a, b;
Shieh et al. 2006; Wang 2010). These studies have
addressed the species composition, origins and feed-
ing behaviour of birds in trade (Severinghaus 1999).
However, no previous study has provided quantitative
analyses of the composition and species’ characteris-
tics of birds in the initial stage of the invasion pathway
in Taiwan. Such an analysis is important, because
understanding the factors involved in the early stages
of the invasion pathway is key to understanding the
wider invasion process (Duncan et al. 2003; Blackburn
and Cassey 2007). Our study provides a particular
insight into the early stages of bird introduction into
Taiwan by revealing significant non-randomness in
the composition and characteristics of species for sale
in pet shops.
Non-randomness in composition has previously
been shown in bird species introduced into Florida
(Blackburn and Cassey 2007), Europe and North
America (Jeschke 2005), and in bird introductions
worldwide (Lockwood 1999; Blackburn and Duncan
2001). At the global scale, introduced bird species are
derived more often, than expected by chance, from
five bird families: Anatidae, Phasianidae, Columbi-
dae, Psittacidae and Passeridae (Blackburn and Dun-
can 2001). In Florida, introduced species are more
often, than expected by chance, derived from Anati-
dae, Psittacidae, Ciconiidae and Passeridae (Black-
burn and Cassey 2007). Of these families, only the
Psittacidae was over-represented in the Taiwanese pet
shops. This difference in species composition in
introduction may result from the fact that different
introduction stages are being considered (transport vs
introduction, sensu Blackburn et al. 2011), or may
imply that preferences for species in Taiwan are
different from those previously demonstrated in a
primarily Western context.
Table 2 The species recorded in trade during 2012 in Taiwan sorted by their realms of origin, and the number of species expected
from the randomization test (2.5th and 97.5th percentiles), and with the sequential Bonferroni correction applied





















73 23–44* 19–48* 34 14–32* 12–35
Palearctic 65 16–33* 13–37* 27 10–25* 7–28
Neotropic 43 73–102* 67–108* 43 48–72* 44–77
Australasia 40 28–49 25–53 40 17–36* 15–39*
Afrotropic 23 36–59* 33–62* 23 23–43 21–45
Nearctic 3 6–19* 4–21* 3 3–14 2–16
Analyses are for all species or limited to exotic species (i.e. species not native to Taiwan). Asterisks (*) denote tests for which a realm
has a significantly higher (or lower) observed number of species for sale in bird shops than expected
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Of the nine families significantly over-represented
before sequential Bonferroni correction (Table 1),
species of Timaliidae, Turdidae, Zosteropidae and
Fringillidae are popular songbirds in Taiwan. For
example, Hwamei (Garrulax canorus) (Timaliidae) is
the most popular song bird in Chinese communities
(Li et al. 2006), which strongly influences the pet
market in Taiwan. Together with species of Zostero-
pidae, they are popular species for Taiwanese song
competitions. Species of Estrildidae and Zosteropidae
are also commonly sold as prayer birds. A previous
survey found Zosteropidae to be the commonest birds
in pet shops (Wang 2010), which indicates that they
are likely to be heavily stocked for prayer releases.
Fringillidae are also somewhat over-represented in pet
shops when analysis is limited to exotic species
(Table 1). Finally, our study also found significantly
higher than expected numbers of species in the family
Chloropseidae (leaf birds), and also when native
species were excluded in the analysis. This may result
from a combination of their bright colours and
availability, as all of the Chloropseidae found in our
survey originated from the Indo-Malay realm.
The Psittacidae (parrots) was by far the most over-
represented taxon in Taiwanese pet shops, whether or
not native species are included in the analysis; indeed,
there is no species of parrot native to Taiwan. More
than 200 parrot species are known to be in aviculture in
Taiwan, although not all species will be traded in pet
shops in the country (Tang 2011). Nevertheless, we
recorded 70 species for sale, in contrast to the random
expectation of 15 species (or 20 after Bonferroni
correction). Parrots are popular cage bird species the
world over thanks to their diverse colours, high
intelligence and ability to imitate human language
(Juniper and Parr 1998), and an estimated 20 % of
international traded species are Psittaciformes (FAO
2011). For example, the Congo Grey Parrot (Psittacus
erithacus) is well known for its imitative ability, and it
is the most popular imported species in Taiwan (Tang
2011). The industry value of Psittacidae in Taiwan was
estimated to be US$25 million from 2008 to 2010
(Tang 2011), which encourages the captive breeding
industry. A Golden Conure (Aratinga guarouba)
would cost the equivalent of more than US$8000 in
Taiwan for its rarity and ornamental value.
Of the other two highly over-represented families
(after sequential Bonferroni correction), species of
Muscicapidae are traditionally popular in trade
because of their rich and diverse songs (there was a
positive mean value of song residuals for all Musci-
capidae species in our survey). This may also explain
the over-representation of Estrildidae, Sturnidae,
Turdidae and Muscicapidae in the list of exotic
species. Species of Sturnidae are often used for prayer
animal release (Severinghaus and Chi 1999), which
may explain the high prevalence of Sturnidae in the
pet shops: most Sturnidae in the shops originated from
East Asia, and are not ornamental. Nevertheless, some
of the species of Sturnidae we recorded are African
species with glorious plumage. Colouration is a
potentially desirable feature in the pet market. Unfor-
tunately, we do not have the information necessary to
assess the influence of colouration on the availability
of birds in the pet market, as this would require
quantitative data on the colour of all (or most) of the
world’s birds. Our survey did find that different colour
morphs of a species can fetch very different prices
(e.g. the Ring-neck Parakeet (Psittacula krameri) and
Barred Parakeet (Bolborhynchus lineola), although we
do not analyse this variation here.
The observed numbers of Tyrannidae (tyrant
flycatchers) and Trochilidae (hummingbirds) species
in Taiwanese pet shops are significantly lower than
expected after sequential Bonferroni correction
(Table 1). Both of these families are species rich but
comprise species with smaller breeding range and
body size, compared to the subset of Taiwanese pet
species. Species in both families are also almost
entirely found in the Neotropic, a region which is
under-represented in pet shop species (Table 2), and
the complexity of transporting species from there
could be one of the restrictions on trade. Finally,
Trochilidae is one of the taxa with hypothermic
(torpor) behaviour (McKechnie and Lovegrove 2002),
which may increase the difficulties in keeping hum-
mingbirds in captivity, and may subsequently also
limit their representation in trade.
Our analyses demonstrated that species found in
Taiwanese pet shops are on average smaller-bodied,
have more attractive songs, are more widespread in
their native breeding range, and originate further from
the equator, than would be expected if they were a
random sample of the world’s bird species. They are
also more likely to be sourced from the Indo-Malay and
Palearctic biogeographic regions. These patterns seem
likely to result from the interaction of species avail-
ability and societal demands (Blackburn et al. 2010).
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A species’ availability is associated with its native
range size and origin. For example, the Indo-Malay
and Palearctic regions are the main sources for
Taiwanese bird shop species, and significantly more
species than expected derive from these regions; for
exotic species, the main source was from the Neo-
tropic, and significantly more exotic species derived
from the Australasia than expected (Table 2). This is
likely to be because Taiwan is ringed by these regions,
and therefore species from them are more readily
traded to Taiwan. Conversely, the Neotropic has more
bird species than any other region, and by far the
largest expectation of species numbers in our ran-
domisation test. However, the number of bird shop
species deriving from the Neotropic is significantly
fewer than expected after we applied the Bonferroni
correction. There are also fewer species than expected
deriving from the Afrotropic and Nearctic regions,
probably because they are distant from Taiwan.
Taiwan lies between latitudes 20 and 25N, and our
results have shown that the species preferred in
Taiwanese pet shops originate further from the
equator, and closer to Taiwan than expected from
our simulations (17.26 vs 12.04), which is also true
when taxonomy and region are constrained (17.26 vs
11.77 and 13.5). The mode of the absolute mid-point
of species origins fell in the range of 20 N–30 N,
coinciding with the latitudes where Taiwan is located.
The influence of Taiwanese native species on these
results is also indicated by the fact that the latitudes of
origin of exotic species in pet shops did not differ from
random expectation. Finally, species observed for sale
in Taiwanese shops have larger geographic ranges
than expected by chance, and this is also true when
native species are excluded. Widespread species are
normally also more abundant (Blackburn et al. 2006),
and thus more likely to be encountered and captured
than rarer species. In addition, the number of birds that
can be purchased at a time is a significant factor in
determining which species are normally sold for the
prayer bird market. Widespread, abundant species that
are available in large numbers may be the only species
that can support such market demand, and may
additionally help explain why species that are more
widespread can be found in the pet shops.
Globally, introduced terrestrial birds are on average
larger than extant terrestrial bird species (Gaston and
Blackburn 1995; Cassey 2008). Our analyses showed
that species found for sale in Taiwanese bird shops are
no different in body mass from a randomly selected
subset of the world’s species. However, this result is
because pet shop birds are a non-random selection of
species, while body mass is highly taxonomically
conserved (Bennett and Owens 2002). If we control
for taxonomic composition by constraining our
random sample to the same family composition as
pet shop birds, we find that species found for sale are
actually smaller-bodied than expected by chance. This
is also true when we controlled for the region of origin.
The body sizes of species for sale in Taiwan may be
consequences of the societal demands of prayer
animal release and bird-keeping behaviour in Taiwan.
Prayer species tend to be small-bodied (Severinghaus
and Chi 1999), because the practices of prayer animal
releases involve the frequent liberation of large
numbers of birds, and smaller-bodied species are
likely to be easier to stock and transport in the numbers
required for this trade—and indeed prayer bird shops
have created standard boxes to cage and transport
these birds. Moreover, smaller-bodied species are
favoured by bird-keepers, because the relatively
smaller-sized birds are best matched with aesthetic
demands, for example, to match with the typically
small and delicate merchandise, such as carved bird-
cages and designed china feeding pots. Also, simply,
smaller-sized birds are more convenient for bird-
walking. As a result, even though ornamental birds
like parrots are also common cage birds and tend to be
larger (Blackburn et al. 2009), mainstream pet birds in
Taiwan tend to be small-sized species. Exotic species
for sale in Taiwan are larger-bodied than expected by
chance, but this is likely to be the result of their
taxonomic composition, especially the high preva-
lence (40 %) of parrots: exotic species did not differ
from the mean expectation in terms of body size when
their taxonomy or origin were controlled for.
Bird keeping behaviour is popular in East Asia and
South East Asia (Nash 1993; Jepson and Ladle 2005).
Species commonly kept for their songs include not
only passerines (known colloquially as songbirds) but
also non-passerines, such as doves, jungle fowl and
barbets. Nevertheless, Passeriformes (songbirds) com-
prise 70 % of the international bird trade market
(Inskipp 1990), and are also identified as dominant
(156 species, or 63 %) species in the Taiwanese bird
trade. Interestingly, our results show that 2/3 of the
species in our survey (and more than 60 % of the
exotic species) have positive song residuals (not only
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in passerines), where larger residuals imply that the
species has a relatively more aesthetically pleasing
song to human ears (Blackburn et al. 2014). This not
only suggests that the attractiveness of a bird’s song is
one of the main desired characteristics in the early
stage of invasion in Taiwan, but also suggests that the
perception of the songbirds in Western societies may
diverge from the one found in Eastern countries, where
the contexts of song birds involve species other than
Passeriformes. Our results also provide the first
demonstration that our metric of bird song (residual
number of recordings on the Xeno-Canto website;
Blackburn et al. 2014) is related to the presence of bird
species in trade, and so may be a reasonable way to
quantify the attractiveness of bird song to human ears.
We have shown that the characteristics of birds for
sale in the shops may be influenced by Taiwanese
cultural demands, like for example their preference for
parrots, small-bodied species, and species with attrac-
tive songs. In addition, the species that are traded are
also likely to be affected by the requirement for cheap,
abundant animals for prayer release. Prayer releases
typically concern the liberation of large numbers of
animals, and shops sell birds for release in standard-
ised boxes of 20. We plan to explore interspecific
variation in the price and numbers of birds for sale in a
subsequent paper. However, religious practises do not
exclude the use of exotic species, and a previous pet
shop survey in 2004 (EAST 2004b) found almost
equal use of exotic (16) and native (19) species for
prayer animal releases. This practice could promote
the release of exotic species, and thereby establish-
ment success, especially if large numbers of individ-
uals are concerned (e.g. high propagule pressure:
Cassey et al. 2004a, b; Lockwood et al. 2005). It has
been shown that prayer animal release is one of the
factors that drove the range expansion of the Light-
vented Bulbul P. sinensis (a common prayer species)
in Taiwan, with subsequent hybridization with the
endemic Taiwan Bulbul Pycnonotus sinensis (Sever-
inghaus 2007).
The source of exotic birds released into a new
environment has been suggested to be a key factor
influencing success (Carrete and Tella 2008; Cabezas
et al. 2012): wild-caught birds seem to be more likely
to establish, and therefore to cross on to further
invasion steps, than are captive-bred individuals. The
broad range of regions of origin for species sold in
Taiwanese pet shops (Table 2) suggests that wild
caught individuals are from many other parts of the
world, with potentially significant consequences for
invasion should they make it into the wild. However, it
is in fact difficult to determine whether individuals
sold in Taiwanese pet shops are wild-caught or
captive-bred. For example, myna species can be
captive-bred (or captured while they were just hatched
in the wild) for pet birds or wild-caught for prayer
birds. Furthermore, the capture of wild birds is illegal
in Taiwan and imported birds have found to be wild-
caught while stated/reported to be ‘‘captive-bred’’
(Shepherd et al. 2012). It is thus difficult to make any
statements about the likely influence of origin on
establishment success for any pet shop birds making it
out into the wild in Taiwan, although this does clearly
happen, not least because of the cultural practice of
prayer release.
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